Background: Maonan nationality belongs to a mountain ethnic minority in China. Little is known about the association of apolipoprotein A1 gene (APOA1) rs964184 single nucleotide polymorphism (SNP) and serum lipid levels in this population. The aim of this study was to detect the association of the APOA1 rs964184 SNP and several environmental factors with serum lipid profiles in the Chinese Maonan and Han populations.
Background
Nowadays cardiovascular disease (CVD) becomes the primary cause of disability among adults found in some studies, and coronary artery disease (CAD) continues to be the leading cause of death and years of life lost around the world [1, 2] . The number of deaths from CAD has increased 35% over the 20 years from 1990 to 2010 [2] . It is widely acknowledged that dyslipidemia is one of the major risk factors for CVD from its prediction to development [3] . Dyslipidemia highly relates to the risk of CAD, which related to increased serum levels of total cholesterol (TC) [4] , triglyceride (TG) [5] , lowdensity lipoprotein cholesterol (LDL-C) [6] , and apolipoprotein (Apo) B [7] , combined with decreased levels of high-density lipoprotein cholesterol (HDL-C) [8] , ApoA1 and the ApoA1/ApoB ratio [8] . Several previous studies have demonstrated that low level of HDL-C is an independent risk factor of CAD [9, 10] .
It is well established that abnormal serum lipid levels are concerned with genetic and multiple environmental factors and their interactions [11] . ApoA1 gene (APOA1) encodes a protein, ApoA1, in humans, which has a specific role in lipid metabolism [12, 13] . There is another study showed that the pathway of HDL-C metabolism involves Apo, and ApoA1 is the most abundant component of HDL-C [14] . APOA1 plays an essential role in formation, maturation and metabolism of HDL-C [15] . ApoA1 is also a better biomarker of cardiovascular risk [10] . Genome-wide association study (GWAS) has identified that genetic variant of the APOA1 rs964184 SNP was associated with serum TG, TC, HDL-C and LDL-C levels [16] . However, it has not been verified that the effect of the APOA1 rs964184 SNP on serum lipid levels, both in the mechanism and function. To the best of our knowledge, the association of the APOA1 rs964184 SNP and serum lipid levels has not been previously reported in the Maonan population. Therefore, this study was undertaken to assess the association of the APOA1 rs964184 SNP and several environmental factors with serum lipid profiles in the Maonan and Han populations.
Methods

Subjects
A total of 867 unrelated participants (329 males, 37.95% and 538 females, 62.5%) of Maonan nationality and 820 unrelated subjects (306 males, 37.32% and 514 females, 62.68%) of Han nationality were randomly selected from our previous stratified randomized samples [17] . The participants were all agricultural workers from Huanjiang Maonan Autonomous County, Guangxi Zhuang Autonomous Region, People's Republic of China. These participants' age ranged from 22 to 92 years with the mean age of 57.71 ± 14.74 years in Maonan and 56.34 ± 15.63 years in Han, respectively. The age distribution and gender ratio were matched between the two ethnic groups. All participants were essentially healthy with no evidence of CVD such as CAD, stroke, diabetes, hyperor hypo-thyroids, and chronic renal disease. They were free from any treatment which would affect serum lipid levels. This study design was approved by the Ethics Committee of the First Affiliated Hospital, Guangxi Medical University (No. Lunshen-2014-KY-Guoji-001, Mar. 7, 2014). Informed consent was obtained from all participants before study.
Epidemiological survey
The epidemiological survey was performed using internationally standardized methods, following a common protocol [18] . Information on demographics, socioeconomic status, and lifestyle factors was collected with standardized questionnaires. The intake of alcohol was quantified as the number of liang (about 50 g) of rice wine, corn wine, rum, beer, or liquor consumed during the preceding 12 months. Alcohol consumption was categorized into groups of grams of alcohol per day: 0 (non-drinker), ≤ 25 and > 25. Smoking status was categorized into groups of cigarettes per day: 0 (non-smoker), ≤ 20 and > 20. Several parameters such as height, weight, blood pressure, and waist circumference were measured.
Body mass index (BMI) was calculated as weight/height 2 (kg/m 2 ).
Biochemical measurements
A fasting venous blood sample of 5 ml was drawn from the participants. A part of the sample (2 mL) was collected into glass tubes and used to determine serum lipid levels. Another part of the sample (3 mL) was transferred to tubes with anticoagulants (4.80 g/L citric acid, 14.70 g/L glucose and 13.20 g/L tri-sodium citrate) and used to extract deoxyribonucleic acid (DNA). Measurements of serum TC, TG, HDL-C, and LDL-C levels in the samples were performed by enzymatic methods with commercially available kits (RANDOX Laboratories Ltd., Ardmore, Diamond Road, and Crumlin Co. Antrim, United Kingdom, BT29 4QY; Daiichi Pure Chemicals Co., Ltd., Tokyo, Japan). Serum ApoA1 and ApoB levels were detected by the immunoturbidimetric immunoassay using a commercial kit (RANDOX Laboratories Ltd.). All determinations were performed with an autoanalyzer (Type 7170A; Hitachi Ltd., Tokyo, Japan) in the Clinical Science Experiment Center of the First Affiliated Hospital, Guangxi Medical University [19] .
DNA amplification and genotyping
Genomic DNA of the samples was isolated from peripheral blood leucocytes according to the phenol-chloroform method [20] . The extracted DNA was stored at 4°C until analysis. Genotyping of the APOA1 rs964184 SNP was performed by polymerase chain reaction and restriction fragment length polymorphism (PCR-RFLP). PCR amplification was performed using 5′-CCATTTCCTTGCAC AACCCA-3′ and 5′-ACTGGCCTCTGTATTGACCC-3′ as the forward and reversed primer pair, respectively. [23] .
Statistical analyses
The statistical analyses were performed with the statistical software package SPSS 21.0 (SPSS Inc., Chicago, Illinois). The quantitative variables were presented as mean ± standard deviation (serum TG levels were presented as medians and interquartile ranges). Allele frequency was determined via direct counting, and the Hardy-Weinberg equilibrium was verified with the standard goodness-of-fit test. The genotype distribution between the two groups was analyzed by the chi-square test. General characteristics between two ethnic groups were compared by the Student's unpaired t-test. The association between genotypes and serum lipid parameters was tested by covariance analysis (ANCOVA) with gender, age, BMI, blood pressure, alcohol consumption and cigarette smoking as covariates. Multivariable linear regression analyses with stepwise modeling were used to determine the correlation between the genotypes (CC = 1, CG = 2 and GG = 3) and several environmental factors with serum lipid levels in males and females of Maonan and Han populations. Two-sided P value < 0.05 was considered statistically significant.
Results
General characteristics and serum lipid profiles
The general characteristics and serum lipid levels between the Maonan and Han populations are summarized in Table 1 . Systolic blood pressure, pulse pressure, serum TG, and ApoA1 levels were higher in Maonan than in Han (P < 0.05-0.001), whereas the percentages of cigarette smoking, the levels of blood glucose, TG and HDL-C were lower in Maonan than in Han (P < 0.001). There was no significant difference in the gender ratio, age structure, body height, weight, BMI, waist circumference, the percentages of alcohol consumption, the levels of diastolic blood pressure, TC, LDL-C, ApoB and the ratio of ApoA1 to ApoB between the two ethnic groups (P > 0.05 for all).
Results of electrophoresis and genotyping
After the genomic DNA of the samples was amplified using PCR and visualized with 2% agarose gel electrophoresis, the products of 320 bp nucleotide sequences were observed in all samples (Fig. 1 ). The genotypes identified were termed according to the presence (G allele) or absence (C allele) of the enzyme restriction sites. Thus, the CC genotype is homozygous for the absence of the site (bands at 320 bp), the CG genotype is heterozygous for the presence and absence of the site (bands at 320-, 238-and 82-bp) and the GG genotype is homozygous for the presence of the site (bands at 238 bp and 82 bp; Fig. 2 ). The position of the APOA1 rs964184 SNP and the CC, CG and GG genotypes confirmed by direct sequencing are shown in Fig. 3 , respectively.
Genotypic and allelic frequencies
The genotypic and allelic frequencies of the APOA1 rs964184 SNP are shown in Table 2 . The genotype distribution of the Maonan and Han populations was consistent with the Hardy-Weinberg equilibrium (HWE, P > 0.05) by the chi-square test of the goodness of fit.
The frequencies of C and G alleles were 83.45 and 16. 55% in Maonan, and 79.21 and 20.79% in Han populations (P < 0.05), respectively. The frequencies of CC, CG, and GG genotypes were 68.86, 29.18 and 1.96% in the Maonan population, and 63.78, 30.85 and 5.37% in the Han population (P < 0.05), respectively. No difference in the genotypic and allelic frequencies was found between males and females in each ethnic group (P > 0.05 for all). Tables 3 and 4 show the association between genotypes and serum lipid levels. Serum levels of HDL-C were different between the genotypes (P < 0.05) in Maonan but not in Han, the G allele carriers had lower serum HDL-C level than the G allele non-carriers. Subgroup analyses showed that the G allele carriers had lower serum HDL-C level in both Maonan males and females (P < 0.05). Serum TG levels in Han were different between the genotypes (P < 0.05), the G allele carriers had higher serum levels of TG than the G noncarriers. Subgroup analyses showed that there was no significant difference between Han males and females, but serum ApoA1 levels and the ApoA1/ApoB ratio were significant different in Han males, the G allele carriers had lower ApoA1 levels and lower ApoA1/ApoB ratio than the G allele non-carriers. No significant difference in the remaining lipid parameters was found between the genotypes in the both populations or in the males and females of the two ethnic groups.
Genotypes and serum lipid levels
Relative factors for serum lipid parameters
Multiple linear regression analysis showed that serum HDL-C and ApoA1 levels in the two populations were correlated with the genotypes of APOA1 rs964184 SNP; likewise, serum HDL-C levels in Maonan and TG levels in Han were correlated with the genotypes of the APOA1 rs964184 SNP (P < 0.05 for each; Table 5 ). When the correlation of serum lipid parameters and the genotypes was analyzed according to two genders, we found that serum HDL-C levels in Maonan males, ApoA1 levels, and the ApoA1/ApoB ratio in Han males, together with serum TG levels in Han females were all correlated with the genotypes (P < 0.05; Table 6 ). Serum lipid parameters were also associated with age, gender, BMI, waist circumference, systolic and diastolic blood pressure, pulse pressure, fasting blood glucose, cigarette smoking and alcohol consumption in both ethnic groups or in males and females (P < 0.05-0.001; Tables 5 and 6 ).
Discussion
The results of our study showed that the serum lipid profiles were different between the Maonan and Han populations. Serum TG and ApoA1 levels were higher in Maonan than in Han (P < 0.05-0.001), whereas the levels of serum HDL-C were lower in Maonan than in Han (P < 0.001). There was no significant difference in the levels of serum TC, LDL-C, ApoB and the ratio of ApoA1 to ApoB between the two ethnic groups (P > 0.05 for all). It was widely realized that dyslipidemia as a serious risk HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol. The value of triglyceride was presented as median (interquartile range), the difference between the two ethnic groups was determined by the Wilcoxon-Mann-Whitney test factor for CAD is caused by various elements, mainly including genetic and environmental factors and their interaction [24, 25] . Maonan nationality belongs to a mountain ethnic minority and is mainly occupied with cereal and miscellaneous grain crops. The history of Maonan can retrospect to the eleventh century.
According to the statistics in 2000, the numbers of Maonan population were 107,166, mainly engaged in agriculture and were good at raising beef cattle and prepare the bamboo hat. The main food for them was rice, along with corn, sorghum, millet, sweet potatoes and pumpkin which are also important complements. Thus, they enjoyed a very special lifestyle and dietary habits compared with the other nationalities. Maonan people were fond of spicy and acid food. Parents usually were in charge of their children's marriages. Maonan stays endogamy; intermarriage with Han or Zhuang people is seldom happened. Therefore, it is considered that the hereditary characteristics and genotypes of certain lipid metabolism-related genes in this population might be different from those in the Han population. According to the International HapMap Project's database, the frequencies of G allele and CG, GG genotypes were 20.73, 31.71 and 4.88% in Chinese Han in Beijing; 12.05, 22.32 and 0.89% in European; and 33.14, 52.33 and 6.98% in Japanese, respectively. While the genotypic and allelic frequencies of the APOA1 rs964184 SNP have not been reported previously in different ethnic groups. In the present study, we firstly showed that the G allele frequency of the APOA1 rs964184 SNP was lower in Maonan than in Han populations (16.55% vs. 20.79%, P < 0.01). The distribution of the genotypes was also significantly different between the two ethnic groups (P < 0.001), the frequencies of CG and GG genotypes were lower in Maonan than in Han groups, respectively. No significant difference was observed in the genotypic and allelic frequencies between males and females in the two ethnic groups. These results indicate that the prevalence of APOA1 rs964184 SNP may have racial/ethnic specificity. To the best of our knowledge, the potential association of the APOA1 rs964184 SNP and serum lipid levels has not been previously reported in different racial/ethnic groups. A previous associated study indicated that the APOA1 encodes a protein, ApoA1, in human beings [12] . ApoA1 could be a better biomarker of cardiovascular risk [10] , and it was associated with HDL-C, in another word, it was the most abundant component of HDL-C [14] , which played an essential role in formation, maturation and metabolism of HDL-C [15] . Another study about Brazilian people showed that this protein influenced lipid levels and may be risk factors for CVD in the Brazilian elderly [26] . Recently, another GWAS has also identified that genetic variant of the APOA1 rs964184 SNP was associated with serum TG levels mainly, and with TC, HDL-C, LDL-C, secondly [16] . In the current study, we firstly showed that the G allele carriers in Maonan had lower serum HDL-C levels than the G allele non-carriers; the G allele carriers in Han had lower serum TG levels than the G allele noncarriers. Subgroup analyses showed that the G allele carriers in both Maonan males and females had lower serum HDL-C levels, and the G allele carriers in Han males had lower serum ApoA1 levels and the ApoA1/ApoB ratio than the G allele non-carriers. These findings suggest that there may be an ethnic-and gender-specific association of the APOA1 rs964184 SNP and serum lipid levels. Previous studies showed that environmental factors such as dietary patterns, lifestyle and physical inactivity are strongly related with serum lipid levels [27] . In the present study, multivariate linear regression analysis also showed that serum lipid parameters were correlated to age, gender, waist circumference, BMI, blood pressure, blood glucose, alcohol consumption, and cigarette smoking in both ethnic groups. These findings suggest that the environmental factors also play an important role in determining or altering serum lipid levels in our study populations. The dietary habits are different between the Maonan and Han populations. Rice is the Maonan people's staple food supplemented with corn, sweet potato and other grains. Maonan people are fond of very strong flavor food, such as eating spicy and acid food with lots of oil and salt. This preference of high in carbohydrates may be related to the higher blood glucose levels, weight, BMI and waist circumference in Maonan than in Han people. In the meantime, rich oil and salt can give rise to higher blood pressure, serum TC, LDL-C and ApoB levels in Maonan than in Han people. Many previous studies proved that diet alone could account for the variability on serum lipid levels [28, 29] .
In addition, we also observed that the percentage of cigarette smoking was lower in Maonan than in Han (P < 0.05). In multiple linear regression analysis, we could find that alcohol consumption and cigarette smoking may influence serum TC, TG, HDL-C, ApoA1 levels and the ApoA1/ApoB ratio (P < 0.05). Several casecontrol and cohort studies have described a J-or Ushaped association between alcohol intake and atherogenesis [30] . A moderate intake of alcohol when taken on a regular amount has been showed to protect against CAD death, which has been attributed to the alterations in serum HDL-C, TG and ApoA1 levels [31] . However, alcohol consumption was also associated with worse hematological values of TC and LDL-C levels. Another research indicated that the effects of alcohol consumption on LDL-C appear to vary by specific patient types or patterns of alcohol intake, and gender as well as genetic variants [32] . In terms of cigarette smoking, one of previous study described that cigarette smoking could be a primary factor in potential changes in lipid profile, which may give rise to the onset of atherosclerosis and CAD in the future [33] . Another study showed that there was difference between two cigarette smoking habits: the length period of smoking and a Table 4 Comparison of the genotypes and serum lipid levels between males and females in the Maonan and Han populations TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, ApoA1 apolipoprotein A1, ApoB apolipoprotein B, ApoA1/ApoB the ratio of apolipoprotein A1 to apolipoprotein B. The value of triglyceride was presented as median (interquartile range), the difference among the genotypes was determined by the Wilcoxon-Mann-Whitney test number of cigarettes smoked daily, and made a conclusion that more reflection to the status of lipids has the bigger number of smoked cigarettes daily than the length of the period of cigarette smoking [34] . Therefore, the results of exposure to different lifestyle and environmental factors probably further modify the association of genetic variations and serum lipid levels in our study populations.
Limitations
There are several potential limitations in our study. Firstly, we were not able to alleviate the effect of diet and some environmental factors during the statistical analysis. Secondly, we could not completely exclude asymptomatic disorders, atherosclerosis, for instance, which could create a potentially significant bias due to poor field study condition. Thirdly, there are still many unmeasured environmental and genetic factors which should be considered, although we have observed significant association of the APOA1 rs964184 SNP and serum lipid levels. In addition, the interactions of gene-gene, gene-environment, and environment-environment on serum lipid levels are remained to be confirmed. TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, ApoA1 apolipoprotein A1, ApoB apolipoprotein B, ApoA1/ApoB the ratio of apolipoprotein A1 to apolipoprotein B, B unstandardized coefficient, Beta standardized coefficient. The correlation among serum lipid parameters and the genotypes and several environmental factors was determined by multivariable linear regression analyses with stepwise modeling
